Introduction: Leaves of Cinnamomum tamala (Lauraceae) commonly known as bay leaf or tamalapatra is a highly reputed commodity in drug and spice trade. Its adulteration with other leaf species belonging to genus Cinnamomum is found to be a common practice. While macro-microscopy is of great help in establishing the botanical identity of such doubtful samples, physico-chemical parameters in combination with TLC fingerprints and phytochemical characterization is a valuable tool to establish chemical identity. Methods: Survey of south Indian crude drug markets was done to find if in place of C. tamala some other leaves of Cinnamomum species are sold. Fresh leaves of various Cinnamomum species, including C. tamala, growing in south India were collected and studied comparatively. Leaves sold in markets of S. India under the name of tamalapatra were collected and subjected for detailed physico-chemical, HPTLC and GC-MS analysis. Results: Leaves of C. malabatrum showed marked distinction in physico-chemical and volatile oil composition which will serve as markers to differentiate it from C. tamala; the official source of tamalapatra. Though physico-chemical constants will serve the purpose of standardization, volatile oil composition was found to be a diagnostic test for the differentiation of C. malabatrum from C. tamala. Conclusion: Chemical identity of C. malabatrum was established in comparison with the official drug. Further biological studies may be confirmative in designating it as a valid substitute or adulterant for C. tamala.
INTRODUCTION
Adulteration is a major problem one comes across while assessing the identity and quality of many herbal drugs. [1] For establishing their correct identity they are needed to be examined thoroughly. Leaves of the genus Cinnamomum are found to exhibit a number of similar macro-microscopic characters and hence most likely to be used as adulterant for official drug. Cinnamomum is a genus of the family Lauraceae having humpty number of examples related to the issue of adulteration with closely knit species. [2] Survey of the crude drug market of South India revealed that leaves of Cinnamomum malabatrum are sold commonly in place of the official drug C. tamala. As tamalapatra is an important commodity in Ayurvedic medicine, [3] it was thought worthwhile to undertake this investigation.
MATERIALS AND METHODS

Plant materials
Dried leaves sold in the name of tamalapatra were collected from markets of various places in India. The authentic samples of leaves of Cinnamomum malabatrum were collected from Tropical Botanical Garden and Research Institute, Palode, Trivandrum, Kerala. Leaves were shade dried, powdered and stored in air tight containers for further chemical evaluation. Collected leaves of different species of Cinnamomum were identified and authenticated with the help of available literature. [4] [5] [6] 
Instrumentation and techniques
Physico-chemical characters were performed as per WHO guidelines and volatile oil of the sample of C. malabatrum and C. tamala were distilled using Clavenger's apparatus. [7] Preliminary phyto-chemical tests were done as per procedure. TLC characterization of the n-hexane extract was done as per standard procedure. [8] [9] Ten and twenty µl of the extracts were applied on a precoated silica gel F254 on aluminum plates to a band width of 8 mm using Linomat 5 TLC applicator. The plate was developed in benzene : ethyl acetate (9.9 : 0.1) and the developed plates were visualized and scanned under UV (254 and 366 nm) and after derivatisation in vanillinsulphuric acid spray reagent at 620 nm. R f , colour of the spots, densitometric scan and superimposability of densitogram were recorded. [8] GC-MS of volatile oil of C. malabatrum was carried out using Shimadzu gas chromatography unit with a SE-30 10% Chromosorb-W packed stainless steel column (2 m × 2 mm). Oven programme: 60°C (5 min), 60-260°C (5°C/min), 260°C (10 min); carrier gas: nitrogen, flow rate 40 ml/min; injector temperature 240°C; detector temperature 240°C. Individual components were identified by database of mass spectra matching with published literature available in the digital libraries like NIST and WILEY.
RESULTS
Results obtained for the physico-chemical tests are presented in Table 1 . The alcoholic extracts were tested positive for sugars, terpenes and tannins. R f values of the spots and their colour on TLC of n-hexane extract is tabulated in Table 2 . TLC photodocumentation of n-hexane extract is shown in Figure 1 . HPTLC densitometric scan of n-hexane extract of C. tamala and C. malabatrum at UV 366 nm and after derivatisation with vanillin-sulphuric acid at 620 nm are shown in Figure 2 . The GLC chromatogram for the volatile oil of C. malabatrum is presented in Figure 3 . Compounds detected by GC-MS of the volatile oil in C. malabatrum and the percentages of the compounds detected are tabulated in Table 3 . 
DISCUSSION
On account of morphological similarity, characteristic fragrance and wider distribution in Western Ghats, leaves of C. malabatrum are sold in crude drug markets. For flavouring various edibles and for use in many Ayurvedic and Siddha formulations, this market substituent is found under the name of tamalapatra. Physico-chemical composition of the two samples showed difference in values for water soluble ash, n-hexane soluble matter, water soluble matter, swelling factor and percentage of volatile oil. Water soluble ash was 1.31% for C. tamala while the value was 0.45% for C. malabatrum. n-hexane soluble matter of C. tamala was 1.91% but it was 0.65% for C. malabatrum. Swelling factor is found to be of diagnostic importance to differentiate the two, C. malabatrum showed more mucilage content (24 ml) when compared to C. tamala (21 ml). Percentage of volatile oil in the sample examined was almost comparable to the C. tamala but is less by 0.25% v/w in C. malabatrum. [10] [11] [12] Composition of volatile oil of C. malabatrum was found to be distinct, but for the common occurrence of linalool and eugenol in both. GC-MS of volatile oil from the leaves of C. malabatrum revealed 11 constituents. Other than germacrene and ledene, all other constituents were reported from aerial parts of C. malabatrum recently. [13] Exhaustive chemical and pharmacological evaluation might be conclusive to designate leaves C. malabatrum as a substitute or as an adulterant for C. tamala. 
